Abstract This paper presents an investigation of trend in historic hydrological time series of areal annual precipitation on and mean annual runoff from the basin of the Evinos River in western Greece. Using different tests for randomness, a statistically significant long lasting decreasing trend was found in the precipitation record, whereas an also significant fluctuating "local" trend was detected in the runoff record. Further, it is shown that the effects of precipitation change on mean annual runoff can be quantified through a magnification factor.
INTRODUCTION
The existence of an increasing or decreasing trend in a hydrological time series can be induced either by climatic factors (precipitation case), (Marchand et al., 1988; Maheras & Kolyva-Mahera, 1990) or through changes in land use and catchment characteristics (runoff case). Moreover, if a trend is detected over the whole length of a time series, it is termed long lasting, otherwise it is referred to as local (Kottegoda, 1980) . For detecting trend, standard statistical techniques are used, based essentially on the hypothesis testing theory (Ross, 1987) In this study, trend analysis was carried out using available historic hydrological time series from the Evinos River basin which has a total area of 354 km 2 upstream of the Ag. Dimitrios dam site (Fig. 1) . These series consisted of areal annual precipitation data over a 32 year period (1962/63-1993/94 ) and mean annual runoff data over a 21 year period (1970/71-1990/91) .
The trend analysis performed aimed at detecting whether, for the time series considered, there existed any significant and persistent changes other than random ones, influencing the hydrological behaviour and consequently the water resources of the \£ • Evinos Watershed -Basin divide ^ * Flow recorder Fig. 1 General layout of the study area. river basin studied. This is a very important aspect of the investigation of the hydrological response of the basin, because the storage reservoir impounded by the dam at the basin outlet, with an active storage capacity of 100 x 10 6 m 3 , was planned to improve the water supply system of the Greater Athens area (Nalbantis et al., 1992) .
CASE STUDY
Before performing the trend analysis for the historic time series, care was taken to verify that the series were free of any periodic component. Usually, in the temperate Mediterranean type climate, periodicity in annual time series does not appear (Nalbantis et al., 1993) . Nevertheless, a serial correlogram was constructed for each time series, to show that periodicity was absent in the two series under study. More specifically, serial correlation coefficient values r k were calculated and plotted against values of lag k, for all pairs of data (x h x i+k ) and for each time series. Values of k were taken in the interval 0 < k < N/4, where N is the sample size (Shaw, 1983) . The serial correlograms obtained are illustrated in Figs 2(a) and 2(b), for the precipitation series and the runoff series, respectively.
For a level of significance a%, the following two-tailed test with null hypothesis (H 0 : no existing periodicity in the sample) was performed: |T| < z a/2 , where T = r k /(l/ N°-5 ) and z a/1 , is the standardized variable of the unit normal distribution JV(0, 1), corresponding to the exceedance probability a/2. The results obtained for the two samples were as follows: (i) Areal annual precipitation series (1962/63 to 1993/94) : N = 32, \r k \ < z a/2 /A?°' 5 = (1.96 x 0.177) = 0.347, for a significance level a = 5%. As can be seen from Fig. 2(a) , all r k (k > 0) computed values were included in the confidence interval l-oc = 95% (±0.347) and thus the null hypothesis was accepted.
(ii) Mean annual runoff series (1970/71 to 1990/91) : N = 21, \r k \ <z a/2 //V°5 = (1.96 x 0.218) = 0.427, for a significance level a = 5%. As can be seen from Fig. 2 (b), all r k (k > 0) computed values were included in the confidence interval 1 -a = 95% (+0.427) and thus the null hypothesis was accepted in this case as well.
It was thus shown that no statistically significant periodicity could be detected in either the precipitation or the runoff records. In that case a trend analysis could be performed directly on the time series. The following tests were used:
Kendall's rank correlation test
For each time series examined, (x,, x 2 , ..., x N ), the number of times, p, in all pairs of observations (x,, x,, j > i) that Xj > x, was calculated. For a two-tailed test and for a level of significance a%, in order to verify the null hypothesis (H 0 ; no existing trend in the sample/random time series), the following condition should be valid: \T\ < z a/2 , where:
The results obtained for the two samples were as follows: (i) Areal annual precipitation series: N = 32, p = 166, \T\ = 2.66 > z a/2 = 1.96, for a level of significance, a, equal to 5%. Thus, the null hypothesis was rejected, which meant that a statistically significant trend existed in the precipitation record at a significance level of 5 %.
(ii) Mean annual runoff series: N = 21, p = 85, \T\ = 1.21 < z a/2 = 1.96, for a = 5%. Consequently, the null hypothesis assuming a random time series was accepted in this case.
Linear regression test
The best estimator for the slope, a, of the linear model was calculated by the least squares method using for each time series all the pairs of values: x" number of year i; y h value of the corresponding hydrological variable, where i = 1, 2, ..., N. By computing also the estimator of the variance s 2 a , the statistic t = als a was tested by using Student's two-tailed t-test. If: \t\ ^t al2<m , then the null hypothesis (random time series) is accepted at the oc% level of significance. The results obtained were: (i) Areal annual precipitation series: N = 32, |r| = 3.28 > t ajim = 2.042 for a = 5%. Thus, the null hypothesis was rejected (there was a statistically significant slope for a = 5% and N-2 = 30 degrees of freedom). The computed slope of the line was negative, i.e. a --15.65, with a correlation coefficient r = 0.513. This showed a decreasing trend, which could be referred to as long lasting, because it was spread over the whole length of the time period considered, leading to a percentage decrease in precipitation of about 30% (Fig. 3(a) ). For illustrating this result further, centred moving average values have also been shown in Fig. 3(a) . In the same Figure, 95% confidence intervals are plotted as well.
(ii) Mean annual runoff series: N = 21, \t\ = 1.212 < f a/2AL2 = 2.093 for a = 5%. Thus, the null hypothesis (random time series) was accepted. This meant that, for the runoff record, the computed slope of the line (a = -0.116) is statistically insignificant for a = 5% and N-2 = 19 degrees of freedom. This could also be confirmed by the low value of the correlation coefficient, which was computed to be 0.268 (Fig. 3(b) ).
From the above analysis it can be observed that the results derived from the linear regression test, for both precipitation and runoff time series, are in agreement with those derived from Kendall's rank correlation test. The fact that a statistically significant trend was observed only in the case of the precipitation record may be attributed to the following reasons: (a) the two samples were not of the same size; and (b) the linear model was not adequate for revealing a statistically significant trend for the runoff time series (very low value of the correlation coefficient: r = 0.268). Thus, in the case of the runoff data, a fourth degree polynomial regression model , were also computed. Then, the statistics r, = bjs^ (i = 1, 2, 3, 4) were tested by using Student's two-tailed t-test. If: |f ( | < t a i2N-5< then the null hypothesis (random time series) is accepted at the ct% level of significance. Moreover, for a = 5%, t a/2N . 5 = = 3.24, t 3 = -3.36 and t 4 = 3.31. 2.12. Thus If,I > L which means that the null hypothesis was rejected for a = 5% and N -5 = 16 degrees of freedom.
It can be concluded that, by means of the polynomial model, a statistically significant trend was revealed in the runoff series. Moreover, the correlation coefficient was, in this case, much higher (r = 0.76) compared with that computed from the linear model for the runoff data (r = 0.268). It should also be noted that the fourth degree polynomial curve was finally selected as the analytical expression best fitted to the runoff data.
The results obtained are illustrated in Fig. 4(b) . In this Figure, For testing whether the polynomial slope was statistically significant at a level of 5%, the values of the statistics f, were also computed. These values were t x = -1.71, t t = 2.11, t 3 = -2.3 and t 4 = 2.36.
Moreover, for a = 5%, t a/2N _ 5 = 2.12. Thus |tj| <t a/2^5 for / = 1, 2 and \h\ > ? a/2,/v5 f°r « = 3, 4, which means that the null hypothesis could be accepted for a = 5% and N-5 = 16 degrees of freedom (no statistically significant local trend was revealed in the precipitation series). The explanation is that the coefficient of variation corresponding to the precipitation data (CV = 0.14) was considerably less than that of the runoff data (CV = 0.3) and therefore, the polynomial curve was better fitted to the runoff data (r = 0.76) than to the precipitation data (r = 0.6). This can also be illustrated in Fig. 4(a) . From this Figure, it can be seen that precipitation varied with time in exactly the same manner as runoff (Fig. 4(b) ), but the magnitude of its variation was much less (i.e. according to the polynomial curve, precipitation was decreasing in the periods 1970/71-1973/74 and 1980/81-1988/89 , corresponding to a percentage reduction of about 11 % and 23 %. for the first and the second period, respectively. Additionally, it was increasing in the periods 1973/74-1980/81 and 1988/89-1990/91 , corresponding to a percentage increase of about 20% and 17%, respectively.
From the polynomial curves, it was shown that variations in mean annual runoff are much larger than those concerning annual precipitation. Thus, for the river basin under study, the ratio of the resulting change in annual runoff over the causative change of annual precipitation was found to be greater than unity. This result (magnification factor effect) is analogous with the basic conclusions drawn by other researchers for the case of the Upper Acheloos and the Portaikos River basins in central Greece (Mimikou et al., 1991) .
It is important to note that there was no fourth degree polynomial correlation between annual precipitation and runoff (i.e. r » 0). For this reason, the magnification factor values derived from the polynomial model (2.7, 2.2, 3 and 1.5 for the time periods 1970/71-1973/74, 1980/81-1988/89, 1973/74-1980/81 and 1988/89-1990/91, respectively) are probably overestimated. For instance, when this factor was estimated from the linear model for the interval 1970/71-1990/91, it was found close to unity (1.14). This occurred because annual precipitation is linearly correlated with runoff, (r = 0.84). Besides, it was proved by multiple linear regression analysis that this correlation is not affected by time. Nevertheless, the polynomial model was better fitted to the precipitation (r = 0.60) and runoff (r = 0.76) data than the linear model (r = 0.513 and 0.268, for precipitation and runoff, respectively).
CONCLUDING REMARKS
A statistically significant, long lasting, decreasing trend was found in the areal annual precipitation time series of the Evinos River basin. This effect was clearly illustrated by the linear regression model. Moreover, an also statistically significant, fluctuating local trend was detected in the annual runoff record by means of a fourth degree polynomial regression model. Furthermore, the effects of precipitation change on runoff were quantified through the calculated magnification factor values from both regression models.
